The radiation dose is the amount of energy absorbed in the body from radiation interaction. The risk of damage to tissues, cells, DNA and other vital molecules increases with every exposure to radiation. Each exposure can cause cell death, genetic mutation, cancers, leukemia, birth defects and endocrine system disorders. The aim of this study is to estimate radiation risks due to ingestion of water in Ogba/Egbema/Ndoni Local Government Area of Rivers State in Nigeria using radiation risk models. Secondary data from radiological studies on water resources of Ogba land was obtained and used to estimate excess relative risks (ERR) and excess absolute risks (EAR) for babies, children and teens of the study area. The excess relative risk (ERR) and Excess absolute risk (EAR) was calculated using a particular radiation dose, estimated age at exposure and the attained age. The result shows that relative risks decreases with increasing time after exposure. Lifetime attributable risk (LAR) was calculated from the values of excess relative risk and excess absolute risks estimated. The result of LAR shows that 102 male babies per 100,000 will likely develop cancer of the thyroid during their lifetime while 547 female babies per 100,000 will likely have cancer of the thyroid during their lifetime due to ingestion of tap water. This implies that about 84% of female and 16% of male babies will have cancer in their lifetime. This risk parameter is presented as risk per million inhabitants because the real population number has spatial and temporal variation. LAR estimated for babies, children and teenagers for different organs show that colon and lungs recorded the highest values. This study show an increasing LAR as age-at-exposure reduces. It also shows that females have generally higher risk than their male counterparts. Also well water and river water was observed to present a higher risk when compared to tap water. Therefore this study recommends the intervention of the government in providing stricter measures in regulating the use of radioactive materials in oil exploration and the oil companies operating in the region to provide enough safe drinking water for the people. © JASEM https://dx.doi.org/10.4314/jasem.v21i5.8
The incidence of cancer in different sites of the body is on the increase as cancer has become one of the major sources of morbidity and mortality globally (Sylla and Wild, 2011) . Research shows that in 2008, there were 12.7 million new incidence cases of cancer and 7.6 million deaths as a result of cancer (Ferley et. al., 2008) . Reports have shown that in Nigeria alone, about 100,000 fresh cancer cases occur annually with a high mortality rate because of lack of adequate medical infrastructure (Ferley et al., 2008) . Nigeria contributed about 15% to fresh cancer cases in Africa in 2008 (Sylla and Wild, 2011) .
The risk factors attributed to causing the high incidence and mortality rates of cancer are; environmental pollutants such as soot, tar and crude oil, cigarette smoking, occupational and indoor exposure to asbestos, radon progeny, genetic susceptibility, low intake of fruits, vegetables and micronutrients. (Aberg and Samet, 2003; Wandwell and Massion, 2005; Alberg et al., 2005) .
Polycyclic aromatic hydrocarbons are also very common in environments especially in areas where there are oil exploitation as this causes heavy presence of polycyclic aromatic hydrocarbons in the atmosphere, rivers and oceans, soil and processed foods (Adeowo and Ajayi, 2000) . Radioactivity in surface water especially river water comes mainly from the radionuclide of the natural decay chains of 238 U, 232 Th and 40 K. The occurrence of natural radionuclide in drinking water poses a problem of health hazard, when these radionuclide are taken into the body by ingestion. The radionuclide contributing significantly to the ingestion dose via consumption of water is radium. Radium is a naturally occurring isotope found in the earth's crust, a member of the uranium 238 U decay series. The predominant radium isotopes in ground and surface water are 226 Ra, an alpha emitter with half-life of 1600 years and 228 Ra, a beta emitter with a half-life of 5.8 years [4] . Many salts of radium are soluble in water and therefore surface water may be enriched in radium and its descendant radon. 226 Ra is an earth alkaline element sharing the metabolic pathways of calcium in the human body. Due to their radiotoxicity especially those of 226 Ra, a contamination hazard for humans exists even at low concentration levels (Hany ElGamal et al., 2014) .
The study of the distribution of primordial radionuclide allows the understanding of the radiological implication of these elements due to gamma ray exposure of the body and irradiation of ONONUGBO, CP; EFERE, T the lung tissue from inhalation of radon and its daughter [Uosif, et al., 2008) . Radon (Rn) is a naturally occurring radioactive, odorless and colorless gas. It is very mobile in the environment. It is well known that inhalation of the short lived decay products of 222 Rn provides the main pathways for radiation exposure of the lungs (UNSCEAR, 2000) . When radon gas is inhaled, most is exhaled before it decays but 222 Rn progeny may be deposited on the cells lining the airways where they can damage the DNA and potentially cause lung cancer. El-Gamal and Hosny (2008) stated that 222 Rn is a health hazard in both mining and non-mining environment.
Risk assessment is a method used to assess the likelihood that exposure to hazardous agents (radionuclide) will harm people or the environment and is usually conducted to estimate the probability of specific harm to an exposed individual or population. The purpose of this work is to estimate the radiation risks due to ingestion of water from different sources in Ogba/EgbemaNdoni Local Government Area of Rivers State using risk models. The result therefore, will give the probability of developing cancer at various doses of radiation absorbed by the exposed individuals. This will add data to the radiation data base of the area. The area has well over 900 oil wells and over thirteen active oil fields and about three multinational oil and gas companies are in the region (Abali, 2009 ). This makes it one of the highest oil and gas production onshore of Niger Delta. The area is saturated with network of pipelines carrying either oil or gas to the flow stations from the different oil wells (UNDP, 2006) . Gas flaring and oil spillage due to rupture of pipe leakage has been the major environmental pollutant in the area (Ononugbo, 2012) . The local government area has a population of about 280,000 people (Abali, 2009) . Figure 1 shows the map of study area. The values of committed effective dose used in this study were taken from measurement of NORM in different water resources [Avwiri and Ononugbo, 2012) . The specific activity concentration of 226 Ra, 232 Th and 40 K (in tap, well and river water) were measured using high resolution, low background gamma spectrometer of a multichannel analyzer and coaxial high purity Germanium detector type [Avwiri and Ononugbo, 2012] . The committed effective dose calculated from the activity concentration of 226 Ra, 232 Th and 40 K in tap, well and river water as adopted in this work is presented in Table 1 . The mean doses were used to estimate the excess relative risk and excess absolute risk per dose of radiation. These risks due to exposure to gamma radiation are presented as risk per million inhabitants because the real population number has spatial and temporal variations. Where e* = for e < 30 and zero for e ≥ 30, and a = attained age (years). e = age at exposure, = Per-decade increase in age at exposure over the range 0-30 years.
MATERIALS AND METHOD
= Exponent of attained age, = ERR or EAR/ Sv for exposure (baseline cancer rate), D = effective dose in Sv. Table 2 gives the values for the parameters β, γ and η which depends on the type of model (EAR or ERR model). For ERR model for most cancer sites, β (the ERR per Sv) at age of exposure 30 and attained age 60, tends to be larger for females than males. γ = -0.3 implies that the radiogenic risk of cancer at age "a" falls by about 25% for every decade increase in age at exposure up to 30 years and η = -1.4 implies that ERR is almost 20% smaller at attained age 70 years than at age 60. Thus ERR decreases with age at exposure (up to age 30) and attained age. In contrast, for EAR models, for most sites, γ = -0.41 and η = 2.8. EAR decrease with age at exposure but increases with attained age (NAS, 2006) . Estimation of lifetime attributable risk (LAR) from the ERR and EAR models. For a person exposed to dose (x) at age (e), the LAR for different ages, sexes and cancer sites is given by (BEIR, 2006) : LAR(x,e)=2 3 , , . Where M(x,e,a) = EAR (x,e,a) for EAR models and M(x,e,a) = ERR (x,e,a). λ 1 (a) where λ 1 (a) is the baseline cancer incidence rate at age a. Where the boundary is from a = e + L to l00, where a denotes attained age (years) and L is a risk-free latent period (L = 5 for solid cancers; L = 2 for leukemia). The M (D, e, a) is the EAR, S(a) is the probability of surviving until age a, and 8 8 9 is the probability of surviving to age a conditional on survival to age e. All calculations are sex-specific; thus, the dependence of all quantities on sex is suppressed. The values of LAR are then obtained using equations 1 and 2.
For simplicity, lifetime attributable risk (LAR) which is the sum from the exposure age plus latency to LAR upper limit of the yearly target population wEAR multiply by the probability of surviving to attained age, a given survival to exposure age e is given by LAR (x,e) = ∑ wEAR target × survival (a)/survival (e) = ∑ wEAR target × and β is in units of 10,000 patient year × Sv) -1 but mathematically the difference in number of patients cancels the difference in dose Table 3 , 5 and 7 shows the ERR and EAR for male and female babies, children and teens respectively as a result of consumption of tap, well and river water in the host communities which was calculated using equation 1 and parameters in Table 2 . The lifetime attributable risk (LAR) was calculated for male and female babies, children and teens respectively using equation 2 and presented in Table 4 , 6 and 8. Stomach  146  282  207  194  376  276  Colon  649  1258  923  437  847  621  Liver  109  212  155  53  102  75  Lung  582  1129  828  1389  2693  1975  Breast  ---1353  2623  1923  Uterus  ---85  165  121  Ovary  ---176  341  250  Prostrates  194  376  276  ---Bladder  419  812  595  431  835  612  Thyroid  85  165  121  455  882  647  Other  1177  2282  1673  1292  2505  1837 ONONUGBO, CP; EFERE, T
RESULTS AND DISCUSSION
In Table 3 , the excess relative risk (ERR) and excess absolute risk (EAR) calculated for male babies due to ingestion of tap, well and river water varied from 5.5 to 42.9, 11.1 to 86.7 and 8.3 to 64.8 respectively while the female babies recorded ERR ranging from 2.5 to 85.0, 5.1 to 71.7 and 3.8 to 128.2 respectively. It was observed that cancer risk which is the excess probability of developing cancer was least in male babies prostrate and female babies breast while the thyroid gland recorded the highest risk in both male and female babies. Also the excess absolute risk (EAR) to male and female babies due to ingestion of tap, well and river water recorded the lowest risk to prostrate for male and bladder in female babies. The highest risk was recorded in the male baby's stomach and female baby's breast. Table 5 presents the excess relative risk and excess absolute risk to children due to ingestion of tap, well and river water from the studied area. The lowest excess relative risk (ERR) calculated for male children was recorded on the prostrate while the highest risk was recorded on the colon. Their female counterpart had the lowest risk on the uterus and highest on the bladder. The excess absolute risk (EAR) estimated for male and female children due to ingestion of tap, well and river water also recorded that prostrate and bladder had the least risk in male and female children respectively while the highest risk was recorded on the stomach and breast respectively. The result is the same for the teenagers as recorded in Table 7 . This result shows that the thyroid gland, stomach and breast of humans are very sensitive to radiation and should be properly shielded in case of x-rays in medical diagnosis. The result shows that LAR tends to reduce as age-atexposure increases. The LAR for children in this work is higher than that of babies as seen in LAR for stomach cancer. The LAR for stomach cancer for female babies is 233 per 100,000 as result of tap water consumption while that of female children is 287 per 100,000. This increase in LAR for children against babies could be due to a higher consumption of water in children than babies. According to Ismail et al., (2008) , babies consume 0.5 litre of water daily while children consume 1 litres of water daily. This could be a factor that is responsible for the elevated value of ERR/Sv (Table 3, 5 and 7) and LAR for all cancer sites for children when compared with babies.
It was also observed that the cancer risk due to consumption well and river water is much higher than the risk due to consumption of tap water. From Table 6 , the LAR for male children due to consumption of tap, well and river water are 161, 344 and 268 per 100,000 respectively for liver cancer. This shows that well water presents the highest risk, next to river water and then tap water. This was observed for all sites, sexes and ages. The LAR values calculated in the results show that the level of risk of cancer for different sites is age-at-exposure dependent. It also shows that females are more at risk when compared with their male counterparts.
The LAR calculated for teens due to ingestion of tap water in the study area is not as high as that recorded for babies and children but is still higher than that recorded by Levi, (2010) and Hany et al.,(2012) . The mean LAR for female teens is 587 per 100,000 while that of male is 420 per 100,000. This is far higher than what was reported by Levi, (2010). Levi, (2010) reported a LAR for all cancer sites for the young adults in the University of Ilorin as 41 (per 100,000) for males and 57 (per 100,000) for females. This profound difference could be as a result of high activity concentration of radionuclides recorded in all water sources studied which may be due to oil and gas exploitation activities in the study area that has made possible the filtration of radionuclides into the aquifer.
Conclusion:
The estimation of radiation risks due to radiation exposure from water using radiation risk models has been carried out on the population in the oil rich area of Ogba/Egbema/Ndoni oil and gas fields. The result showed a linear dose-response relationship, the higher the doses, the higher the risk. The study showed an increase in lifetime attributable risk (LAR) as age at exposure reduces. It also shows that females have generally higher risk compared to their male counterparts and there are higher risks for those who consume well and river water in comparison with those who consume tap water. Based on the estimated risks in this study, regular and periodic monitoring of radiation levels of oil and gas installations and their host communities should be adopted and Safe drinking water should be provided for the host communities by the oil companies operating in the area.
